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Up-to-date, there is no known example of a classical de Sitter solution of string theory, despite
several good candidates. We consider here two newly discovered 10d supergravity de Sitter solutions,
and analyse in great detail whether they can be promoted to classical string backgrounds. To that
end, we identify five requirements to be met, and develop the necessary 10d tools to test the
solutions. Eventually, they both fail to verify simultaneously all requirements, in spite of positive
partial results. The explicit values obtained offer a clear illustration of the situation, and the analysis
highlights various subtleties. We finally discuss the relation to the problem of scale separation.
I. INTRODUCTION
Obtaining a background of string theory with a four-
dimensional (4d) de Sitter space-time in a well-controlled
framework is challenging [1]. This becomes an issue if one
tries to reproduce from string theory – as a candidate
for a fundamental theory of nature – standard models
of cosmology, which describe the early or the future uni-
verse with (quasi) de Sitter space-times. This problem
has been recently revived, not only by cosmological ob-
servations becoming more and more accurate, but also
on the theory side with the swampland program. In the
latter, conjectures were proposed asserting that any the-
ory of quantum gravity, like string theory, and its 4d low
energy effective theories, cannot admit solutions with a
(quasi) de Sitter space-time [2], at least in some limit
[3, 4] corresponding to an asymptotic classical perturba-
tive regime. In this paper we revisit this situation and
claims in great detail on interesting examples. We fo-
cus on 10d supergravity solutions admitting a 4d de Sit-
ter space-time, and we test to a rare extent all require-
ments for them to be a classical string background. Even
though the solutions do not pass all tests, this detailed
analysis should provide useful tools for such studies, as
well as a better understanding of the mechanisms behind
this apparent obstruction.
Finding classical de Sitter solutions of string theory
is usually done in two steps. First, one typically looks
for solutions of 10d type II supergravities with a 4d de
Sitter space-time and a compact 6d manifold M. Such
solutions with intersecting Dp-branes and orientifold Op-
planes were found onM being a group manifold in [5–11].
The second step is to verify that these supergravity solu-
tions are classical string backgrounds, by satisfying a list
of requirements, including a small string coupling gs and
a large 6d volume in units of the string length ls. Studies
on this topic were so far rather negative [10, 12–15] de-
spite possible loopholes, leading to the situation that no
stringy classical de Sitter solution has been found, in line
with the swampland conjectures. In the companion work
[11], we have obtained new de Sitter solutions of 10d type
IIB supergravity with intersecting O5/D5 sources, thus
fulfilling the above first step. In this work, we provide a
detailed 10d analysis of the second step, on two of these
new solutions.
Group manifolds are characterised by an underlying
Lie algebra with structure constants fabc. The latter
can be related to the spin connection coefficients of the
6d metric, as can be seen e.g. in the Maurer-Cartan equa-
tions dea = − 12fabceb ∧ ec. The fabc then enter our 10d
equations as variables. When looking for solutions in [11],
we allowed for a maximal freedom in the fabc, in a basis of
one-forms ea where the metric was δab. This simplified
the search of solutions, but had the drawback of mak-
ing the identification of the algebra and group manifold
cumbersome. We typically got many non-zero structure
constants, while Lie algebra representatives in classifica-
tion tables only have a few. Algebras of some solutions
could still be identified, with an isomorphism to our sets
of fabc. We could then verify the existence of a lattice, a
discrete action on the 6d group manifold that provides its
compactness. Algebras and lattices are particularly sim-
ple for the de Sitter solutions 14 and 15 of [11], providing
us, up to a change of basis, with a complete knowledge
of their 6d geometry. So we focus here on solution 14,
and treat solution 15 in the appendix.
To ensure that a 10d supergravity solution is a classical
string background, we identify in practice five require-
ments to be met: a small gs, large 6d radii r
a= 1, ..., 6 in
units of ls, quantization of fluxes, a fixed number of ori-
entifolds N IO5 , and lattice quantization conditions. The
last three requirements need the detailed 6d geometry, so
they were only partially checked on the solutions in [11].
We now complete the study for solutions 14 and 15. We
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2summarize the requirements as follows
gs  1 , ra  1 , Nq a1...aq ∈ Z , (1)
N Is ∈ Z , N Is ≤ N IO5 , Na quantized ,
where for simplicity, we will choose a hierarchy factor of
10, i.e. 0 < gs ≤ 10−1, ra ≥ 10. The index I = 1, 2, 3
refers to the sets of internal dimensions (ab) wrapped
by the O5/D5 sources: I = 1 along (12), I = 2 along
(34), I = 3 along (56). The number of sources along
each set is defined as N Is = N
I
O5
− N ID5 . It enters the
source contributions T I10 to the equations of motion and
Bianchi identities. Our solutions have non-zero fluxes
F1, F3, H, giving the flux integers Nq a1...aq along some of
their components. Finally, the Na are numbers entering
the fabc, quantized because of the lattice. The relations
to the supergravity solution data (in the left-hand side
below) go as follows
gsFq a1...aq =
gs λNq a1...aq
ra1 . . . raq
, (2)
gsT
I
10 =
6 gs λ
2N Is
ra1⊥I . . . ra4⊥I
, fabc =
ra λNa
rbrc
,
without sum on the indices, and the indices a⊥I denote
the directions transverse to the set I. The three types
of supergravity variables (fluxes, source contributions,
structure constants) are here expressed in units of 2pils.
The radii ra are introduced through a normalisation con-
vention of the one-forms ea that we will come back to.
The parameter λ > 0 is an overall rescaling parameter of
the solution that we are free to introduce. We refer to
section 4 of [11] for more details.
In the following, we test solutions 14 and 15, expressed
in the appropriate basis, upon the requirements (1). To
that end, we provide in section II the material needed
by first discussing the 6d geometry of the group mani-
fold for solution 14. We give a basis of globally defined
one-forms, determine lattice quantization conditions, and
discuss the number of orientifolds. We determine the
needed harmonic forms and related flux components. We
then test in section III the solution 14 upon the different
constraints (1). As announced, it does not succeed in
satisfying all of them, but we give explicitly various val-
ues obtained, allowing to evaluate how far the solution is
from a classical string background. The same procedure
is followed in the appendix for solution 15, for which the
results are worse. We finally relate the problem of classi-
cal de Sitter solutions to that of scale separation in sec-
tion IV. We argue there that one should at best expect a
bounded region in parameter space and a corresponding
bounded parametric control for both problems. We end
with an outlook in section V.
II. 6D GEOMETRY OF SOLUTION 14
In this section, we present in detail the geometry of the
6d group manifold for our de Sitter solution 14. We also
obtain the material needed to test, in the next section,
the requirements (1) that would allow this solution to be
a classical string background.
A. Foreword on the change of basis
As explained in the introduction, solutions 14 and 15
of [11] were found in a basis of one-forms associated to a
6d metric δab, a = 1, ..., 6, giving respectively 8 or 7 non-
zero structure constants. As detailed in section 2.3 and
appendix C of [11], a change of basis can be performed
to new one-forms ea = eamdy
m, associated to a new
“metric” denoted gab
ds26 = gmndy
mdyn = gabe
aeb . (3)
The coordinates ym= 1, ..., 6 parameterize circles: ym ∈
[0, 2pi[ and we require the identifications ym ∼ ym + 2pi.
As we will see, the radii ra > 0 are inside the eam. The
metric gab has the interesting properties of being block
diagonal along the pairs of a-indices (12), (34), (56),
along which are the sources, and the determinant of these
blocks is equal to 1. For both solutions, the new basis
gives only 4 structure constants. The corresponding alge-
bras are then easy to identify: solution 14 is on g03.5⊕g03.5,
and solution 15 is on g−13.4 ⊕ g−13.4, using notations of [16].
Both admit lattices, allowing the group manifolds to be
compact. We come back to those in detail below. The
new one-forms were denoted with a prime in [11], and
the solution data (flux components, structure constants,
etc.) was given explicitly in appendix A of [11] under the
names solution 14′ and 15′. We refer to section 2.3 and
appendices A and C for more details on these solutions;
in this paper, we work in the new basis and drop the
prime. We now focus on solution 14, while solution 15 is
treated in the appendix.
B. Lattice, orientifolds
For solution 14, the 4 structure constants are given by
f235 = −0.28930 , f325 = 0.013433 , (4)
f164 = −0.67154 , f614 = 0.41310 .
This corresponds to two copies of the three-dimensional
solvable algebra g03.5. We rewrite them in terms of real
positive numbers N1,2,3,6 > 0 and the radii r
a, as in the
3following Maurer-Cartan equations
de2 =
N2r
2
r3r5
e3 ∧ e5 , de3 = −N3r
3
r2r5
e2 ∧ e5 , de5 = 0 (5)
de1 =
N1r
1
r4r6
e6 ∧ e4 , de6 = −N6r
6
r1r4
e1 ∧ e4 , de4 = 0 .
Let us focus on one of the two copies. As discussed below,
an expression for globally defined one-forms is given by
e2 = r2
(
N2
N3
) 1
4 (
cos(
√
N2N3y
5)dy2 − sin(
√
N2N3y
5)dy3
)
e3 = r3
(
N3
N2
) 1
4 (
sin(
√
N2N3y
5)dy2 + cos(
√
N2N3y
5)dy3
)
e5 = r5dy5 . (6)
Their normalisation is such that e2 ∧ e3 = r2r3dy2 ∧dy3.
The forms e2,3 can be written in terms of the rotation
matrix
A(y5) =
(
cos(
√
N2N3y
5) − sin(√N2N3y5)
sin(
√
N2N3y
5) cos(
√
N2N3y
5)
)
, (7)
which plays an important role. One verifies that the one-
forms ea are globally defined, meaning invariant under
y5 ∼ y5 + 2pi, thanks to a coordinate identification
(y)y5+2pi = A(−2pi) (y)y5 , (8)
where the 2-vector (y) stands for y2, y3. Such an iden-
tification is admissible if the entries of A(−2pi) are in-
teger (more generally, one may also allow for shifts of
coordinates by multiples of 2pi). This gives the lattice
quantization conditions, and ensures at the same time
that we have globally defined one-forms. We refer to [17]
for more details. So here, a first possibility is to have√
N2N3 ∈ N∗. In that case, the coordinates are simply
mapped to themselves, i.e. they are globally defined: one
is back topologically to a torus T 6, with a non-Ricci flat
metric. A second possibility is
√
N2N3 ∈ N + 12 , where
the rotation gluing acts as a Z2 on the coordinates. An-
other possibility is
√
N2N3 ∈ N + 14 that mixes y2 and
y3. These different lattices give rise to different topolo-
gies. We refer to [18] or [19] (sections 2.3 and 5) for
more details on these geometries. Further discussions
and Betti numbers can also be found in [18], as well as
two more lattices involving constant shifts of coordinates,
not included here.
In the case of a torus, with
√
N2N3 ∈ N∗, each coor-
dinate is that of a circle without further identifications.
Our orientifold involution conditions can then be mapped
to conditions on coordinates: σ(e2) = e2, σ(e3,5) = −e3,5
are equivalent to σ(y2) = y2, σ(y3,5) = −y3,5, as can be
seen through the forms (6). This involution action on
coordinates is the standard one on circles, so the count-
ing of fixed points is the usual one, i.e. 2 per transverse
circle. This gives N IO5 = 2
4 = 16. In the following,
having this lattice in mind, we will impose the bound
N Is ≤ 16. For the other, more complicated lattices, this
bound could be lowered, but smaller values for N Is will
as well be obtained.
C. Harmonic forms
With the above basis {ea} of globally defined one-
forms, we can now determine the harmonic 1- and 3-
forms with constant coefficients [39]: those will be needed
for flux quantization. To that end, we look for all closed
and co-closed 1- and 3-forms [40]. This is complicated
due to the Hodge star, involving here the inverse metric
(3) which has off-diagonal components gab. As a warm-
up, let us consider the metric to be δab. In that case,
one obtains e4, e5 and e1 ∧ e4 ∧ e6, e1 ∧ e5 ∧ e6, e2 ∧
e3 ∧ e4, e2 ∧ e3 ∧ e5. These forms are representative of
cohomology equivalence classes. Changing the metric to
gab should not change these classes, since the latter are
topological, so we should get the same number of forms.
In addition, the representatives may only differ by an
exact piece. This is what we obtain by an explicit com-
putation: the 1-forms remain e4, e5, while the harmonic
3-forms with constant coefficients are now
ω1 = e
1 ∧ e4 ∧ e6 + do1 , ω2 = e2 ∧ e3 ∧ e5 + do2 (9)
ω3 = e
1 ∧ e5 ∧ e6 + do3 , ω4 = e2 ∧ e3 ∧ e4 + do4 ,
with the following exact pieces
o1 = αf
1
46
(
e1 ∧ e2 + f
1
46
f325
g56e3 ∧ e4
)
(10)
− αf
1
46f
2
35g
34 + g56
f614
e5 ∧ e6
o2 = αf
2
35
(
− e1 ∧ e2 + f
2
35
f614
g34e5 ∧ e6
)
− αf
2
35f
1
46g
56 + g34
f325
e3 ∧ e4
o3 =
g12f325
(f614)2 + (f325)2(1 + (g12)2)
e3 ∧ e6
o4 =
g12f614
(f614)2 + (f325)2(1 + (g12)2)
e3 ∧ e6
where α =
g12
(f235)2 + (f146)2(1 + (g12)2)
.
We verify that those are non-zero only because of the
(inverse) metric off-diagonal components.
To perform the quantization, we will need to normalise
these harmonic forms. Using the duality to the homology,
and changing representatives of a same (co)homology
class, we have the following equalities∫
Σ3
ω1 =
∫
Σ˜3
e1 ∧ e4 ∧ e6 = r1r4r6
∫ ∫ ∫ 2pi
0
dy1 ∧ dy4 ∧ dy6
= (2pi)3r1r4r6 , (11)
4and the same holds for all four ωi. Indeed, the e
a∧eb∧ec
involved are precisely those that give dym ∧ dyn ∧ dyp
times an appropriate (constant) normalisation. This is
consistent with the formulas used so far for flux quanti-
zation, given that the only flux components that need to
be quantized are those along harmonic forms. We have
just verified here that these forms can be integrated, and
the result is in agreement with the normalisation ansatz
used so far, that relates the radii ra to the integral of
ea. The formula (2) for the quantized flux can thus be
consistently used on the harmonic components.
D. Flux quantization
Fluxes should be quantized if and only if they are har-
monic forms. This condition comes from having a flux
F = dA, where A is locally but not globally defined,
i.e. F is closed but not exact, in other words harmonic.
It is then the transition function or patching of the gauge
potential A that gives the quantization condition. Let us
consider the equations solved by the fluxes in our solu-
tions
dF1 = 0 , d ∗6 F1 = 0 , dF3 6= 0 , d ∗6 F3 = 0 , (12)
dH = 0 , d ∗6 H 6= 0 .
F1 is thus harmonic, while F3 and H are not but may
contain pieces which are. Only the harmonic parts of
these fluxes should be quantized. Doing such a proper
flux quantization requires a good knowledge of the ge-
ometry, and in particular of the harmonic forms. The
lack of such a knowledge for most solutions of [11] led
us to quantize all flux components, as also done in the
literature, but this is overconstraining. Here, using the
harmonic 1- and 3-forms identified above for solution 14,
we are able to express our fluxes within the general Hodge
decomposition
Fq = Fq harmo + dA+ ∗6dB , (13)
where Fq harmo, A,B are globally defined forms. We ob-
tain more explicitly for solution 14
H = d
(
b13 e
1 ∧ e3 + b24 e2 ∧ e4
)
, F1 = F1 5 e
5 , (14)
F3 = F3ω1 ω1 + F3ω2 ω2
+ g−1s ∗6 d
(
a12 e
1 ∧ e2 + a34 e3 ∧ e4 + a56 e5 ∧ e6
)
,
where gs is introduced for notation convenience, and
b13 = −0.34083 , b24 = 0.99383 , gsF1 5 = −0.27398 ,
gsF3ω1 = 0.12430 , gsF3ω2 = 0.012539 , (15)
a12 = 0.82025 , a34 = −2.0877 , a56 = −0.55448 .
We deduce that only three flux components need to be
quantized: F1 5, F3ω1 , F3ω2 . To that end, we use the nor-
malisation (11) for the harmonic forms, which justifies
the use of the initial formulas (2).
III. CHECKING REQUIREMENTS FOR A
CLASSICAL SOLUTION
With all the material obtained in the previous sec-
tion, we are now ready to test solution 14 against
the requirements (1). Given the supergravity so-
lution data, namely the left-hand sides of (2), we
need to find 8 real parameters (gs, r
a, λ) and 8 in-
tegers (N1 5, N3ω1 , N3ω2 , N
I
s , N2N3, N1N6), that satisfy
the constraints (1). The source contributions are given
by
gsT
1
10 = 10, gsT
2
10 = −0.088507, gsT 310 = −0.77652 . (16)
Solution 14 has the particularity of having T 210 < 0: this
implies that among the N Is , an upper bound should only
be imposed for I = 1. We recall from [11] that O5 may
still be present in the set I = 2.
For a better comparison to the results of [11], we start
by testing our solution without imposing the lattice con-
ditions. We then get the following solution to the other
constraints
No lattice condition: (17)
r1 = 86.658 , r2 = 272.28 , r3 = 10.834 , r4 = 18.142 ,
r5 = 198.25 , r6 = 10.562 , λ = 789.30 , gs = 0.068818 ,
N1 5 = −1 , N3ω1 = 38 , N3ω2 = 135 ,
N1s = 16 , N
2
s = −17 , N3s = −14 ,
N2 = 0.0028913 , N3 = 0.084801 = (0.015659)
2/N2 ,
N1 = 0.0018814 , N6 = 0.077905 = (0.012107)
2/N1 ,
where we give the highest products N1N6 and N2N3 ob-
tained. Those remain far from 12, but are less far from
the other lattice allowing for (1/4)2. We also obtain a
solution to these constraints with N1s = 14, N2N3 = 1
and N1N6 ≈ 10−8. Solutions with lower N1s , down to
N1s = 1 can also be found. On the contrary, imposing
lattice conditions (and the other requirements) without
the bound on N1s leads us at best to N
1
s = 50960, namely
No orientifold bound: (18)
r1 = 57.907 , r2 = 162.65 , r3 = 10.014 , r4 = 354.99 ,
r5 = 2999.3 , r6 = 10.014 , λ = 186.97 , gs = 0.099885 ,
N1 5 = −44 , N3ω1 = 1370 , N3ω2 = 3280 ,
N1s = 50960 , N
2
s = −1195 , N3s = −1241 ,
N2 = 0.28572 , N3 = 3.5000 = 1
2/N2 ,
N1 = 0.22048 , N6 = 4.5356 = 1
2/N1 .
As expected, we can lower this N1s when rather verifying
5the other lattice quantization conditions
N2 = 0.20794 , N3 = 1.2023 =
(
1
2
)2
/N2 , (19)
N1 = 0.10602 , N6 = 2.3581 =
(
1
2
)2
/N1 ,
and N1s = 13000 ,
N2 = 0.56756 , N3 = 0.11012 =
(
1
4
)2
/N2 , (20)
N1 = 0.18581 , N6 = 0.33636 =
(
1
4
)2
/N1 ,
and N1s = 3219 ,
and the other quantities verifying their constraints.
These values of N1s remain far too high.
Lattice conditions and the bound on N Is have however
to be respected in any case for the compactification to
make sense, and we should rather test the string regime
through the values of gs and the radii. Imposing all re-
quirements but those on the radii, we find the solution
No large radius condition: (21)
r1 = 7.4234 , r2 = 4.0198 , r3 = 0.24159 , r4 = 1.9131 ,
r5 = 16.164 , r6 = 0.11150 , λ = 1.0076 , gs = 0.097666 ,
N1 5 = −45 , N3ω1 = 2 , N3ω2 = 2 ,
N1s = 14 , N
2
s = −8 , N3s = −18 ,
N2 = 0.27890 , N3 = 3.5855 = 1
2/N2 ,
N1 = 0.019150 , N6 = 52.218 = 1
2/N1 .
Two radii are substringy, i.e. smaller than 1. We can also
bring all of them to be greater than 1, except r6 which
gets lowered to 0.025984. We get as well r1,2,4,5 > 10 at
the cost of having r3 = 0.032184 and r6 = 0.93577. Using
the lattice with (1/4)2 does not change this situation. If
rather we require large radii but relax the bound on gs,
we do not find any solution to the constraints (1). Note
that a similar analysis and result has been obtained for
a known de Sitter solution of type IIA supergravity in
section 6 of [9]. As there, we conclude that our de Sitter
supergravity solution 14 cannot be made a classical string
background.
IV. SCALE SEPARATION FOR DE SITTER
In this section, we discuss the matter of scale sepa-
ration, and its relation to the requirements for a string
classical regime. Consider a 10d (anti-)de Sitter solu-
tion with 4d cosmological constant Λ, and a tower of
Kaluza–Klein states of mass scale mKK coming from the
compactification on the 6d manifold. Having a 4d low en-
ergy effective theory, involving a finite number of degrees
of freedom, is only possible if one truncates the tower
of states by the 4d energy cutoff. This requires what is
called scale separation, namely√
|Λ|  mKK . (22)
It means that the typical 4d energy scale can be de-
coupled from the 6d one. In view of phenomenology,
it is important to know whether scale separation can be
achieved.
In many anti-de Sitter solutions, scale separation can
actually not be reached: see e.g. [20–23] for recent pa-
pers on this point, and [24–27] and references therein for
older related works. This has led to recent swampland
conjectures [28, 29] forbidding scale separation (see also
[30–32]). Interestingly, one classical counter-example ex-
ists, the so-called DGKT anti-de Sitter solution [33] (ex-
tended recently in [34, 35]). A criticism of this solution
is the problem of “smeared” sources, and we refer to [11]
for more references and discussion on this point. This
example remains interesting here for two reasons. First,
its framework is very analogous to ours: it is a classical
10d supergravity solution, on a torus, and its intersect-
ing sources configuration is analogous to ours. Another
similarity is the presence of flux integers not constrained
through the tadpole or Bianchi identity: here these are
the harmonic components of F3, giving the N3ωi . Sec-
ondly, the DGKT solution admits a parametric control
(with asymptotic limit) on the scale separation, which is
the same that governs the validity of the solution as a
classical string background: the more classical (small gs,
large volume, etc.), the better the scale separation. This
provides an example of a relation between these two im-
portant problems.
For de Sitter solutions, a similar relation was sketched
in [14]. First, it was first shown there that a classical
de Sitter solution requires a small 6d curvature scale
|R6| compared to that of the average internal length 2pir:
|R6|×(2pir)2  1. This is a priori possible on some man-
ifolds thanks to internal hierarchies and/or fine-tunings.
In addition, such a hierarchy in a de Sitter solution was
shown to automatically imply scale separation, in the
sense of
R4  1
(2pir)2
. (23)
Let us test here scale separation with the de Sitter so-
lution 14 in the case where we ignore lattice conditions
(17): all other requirements for a classical solution are
then satisfied. With these values and the λ-rescaling, we
first compute (in units of 2pils)
(R4 = 3.6370 ·10−8) < (1/(2pir)2 = 1.1873 ·10−5) , (24)
where r = (
∏
ra)
1
6 [42]. The scale separation condition
(23) is verified, since we consider here hierarchies of order
10 per length. This result is however only preliminary,
since the largest radius r2 gives a smaller value, as well
as the 6d curvature
1/(2pir2)2 = 3.4167 · 10−7 , |R6| = 1.2162 · 10−6 . (25)
A tower of modes associated to the radius r2 would then
be difficult to separate or truncate [43]. The internal
6hierarchy |R6| × (2pir)2  1 is also not verified, due to
the unsatisfied lattice conditions. The lack of complete
classicality (in the sense of satisfying requirements (1))
seems here again related to difficulties in having scale
separation.
Even though classical de Sitter solutions may admit
scale separation, we do not expect the same paramet-
ric control as in DGKT. As expressed in [11], classical
de Sitter solutions may not exist in an asymptotic limit,
but they could still be present in a bounded region of
parameter space. In such a “grey zone”, parameters are
large/small enough to accommodate a classical regime
as in the requirements (1), but they remain bounded by
these same constraints and cannot be taken asymptoti-
cally. At best, one may then have scale separation in this
bounded region, controlled by a bounded parameter. In
the following, we illustrate this idea with a simple trans-
formation that allows us to move in parameter space. We
use a scaling parameter γ > 1 to act as follows on the
entries in the right-hand sides of (2)
ra → γxa ra , gs → γg gs , NK → γnK NK , λ→ λ (26)
The powers xa, g, nK and their signs are not fixed. How-
ever, we relate them in such a way that the left-hand sides
of (2) remain invariant. Taking for simplicity ∀a, xa = x,
we get
nq=1,3 = qx− g , nIs = 4x− g , na = x . (27)
By not affecting the quantities in the left-hand sides of
(2), we are guaranteed to still have a solution to the 10d
equations. R4 is also invariant under this simple trans-
formation. The 6d radii are however changed, so the scale
separation is improved with smaller ra, i.e. x < 0, as in-
tuitively guessed. This specific γ-scaling then does not
help in getting classical solutions, which rather require
large radii. Such a situation where two requirements go
in different parametric directions is common for classical
de Sitter solutions, due to the many bounds to satisfy.
This leads to the bounded region in parameter space, as
we illustrate in table I with the different possible signs of
x, g, corresponding to various parametric directions.
We see from table I that in any direction of the γ-
scaling, a parameter bound is met. Some cases in this
table were also observed in the explicit example in sec-
tion III. The simple γ-scaling was considered here for the
purpose of illustration. Other transformations may do
better on some of the requirements, e.g. for the lattice
conditions or the scale separation. Specificities of given
solutions may also help. Nevertheless, it remains unlikely
that an asymptotic limit would be opened in some para-
metric direction.
Let us also stress two differences with an anti-de Sit-
ter solution, that are made more obvious with table I.
An anti-de Sitter solution would allow for all N Is ≤ 0, in
which case there is no upper bound on |N Is |, contrary to
the above N1s ≤ N1Op . In addition, in the DGKT anti-de
Sitter solution, one has fabc = 0, which is not possible
for de Sitter solutions on group manifolds that require
R6 < 0. The former thus does not face the lattice con-
ditions. Removing these two constraints relieves bounds
in parameter space.
x > 0 x < 0
With 4x = g :
classical X, classical × (ra bound),
g < 0 scale sep. ×, scale sep. X,
fluxes, lattice X, fluxes, sources X,
sources × (N1s ≤ N1Op) lattice × (integer cond.)
With 4x = g :
classical × (gs bound), classical × (ra, gs bounds),
g > 0 scale sep. ×, scale sep. X,
lattice, sources X, fluxes, sources, lattice ×
fluxes × (integer cond.) (integer cond.)
TABLE I: Starting with a de Sitter solution, we act with
the γ-scaling (26), (27) on the parameters. We indicate
with a X or × whether or not it helps in meeting the
various requirements. When it does not, the limiting
bound is written in parentheses. The “integer condition”
bound refers to integer numbers having to be greater than
1. Since N1s is very constrained, 1 ≤ N1s ≤ N1Op in a de
Sitter solution, we restrict when possible to the scaling
leaving this number invariant, namely 4x = g.
To conclude, if a region of classical de Sitter solutions
exists, we do not exclude that scale separation also takes
place there. We believe however that it would be at
best controlled by a bounded parameter, contrary to the
DGKT solution and despite several similarities with that
framework. Such a bounded region or grey zone with
classical and scale separated de Sitter solutions remains
to be found [44], and we hope to come back to these
questions in future work.
V. OUTLOOK
In this work we have tested whether two 10d super-
gravity de Sitter solutions of [11] could be promoted to
classical string backgrounds. Having identified the re-
quirements (1) to be met, we have derived all the neces-
sary material to perform these checks, to a rare extent in
the literature. Eventually, our solutions do not pass these
tests, as they fail to satisfy simultaneously all require-
ments, despite partial positive results. We also discussed
the relation of this problem to that of scale separation,
and what one should expect on the latter for classical
de Sitter solutions. We believe that the tools developed
7here and the explicit results obtained should be useful in
future studies.
Whether supergravity solutions could be classical
string backgrounds has already been partially analysed
on de Sitter solutions of [11]. Solution 14 did not ap-
pear as the most favored one: four other solutions were
doing better regarding the partial requirements imposed
there. For those however, a complete knowledge of the
6d geometry was missing, preventing us to go further.
It would certainly be interesting to focus more on them,
since they appeared as promising candidates. More gen-
erally, one should try with other solutions, possibly ob-
tained from ours by small deformations or transforma-
tions, that could help in satisfying the requirements. A
family of de Sitter solutions obtained by varying one pa-
rameter is depicted in figure 1 of [8]. In such a family,
one may eventually find a bounded region of classical so-
lutions, as discussed in section IV.
As it appears from this work, the question of whether
one can obtain classical de Sitter solutions of string the-
ory is not settled. Even though we have not found an ex-
ample for now, our study highlighted how close one can
get, and how involved these tests actually are. A related
matter is the definition of the requirements for a classi-
cal solution: one may consider our requirements on gs
and the radii as conservative. Can one allow for slightly
higher values of gs? What length or volume should ac-
tually be bigger than ls on our group manifolds? Precise
answers to these questions depend on the corrections to
effective theories, and those are typically difficult to de-
termine, especially away from a more standard Ricci flat
compactification. If any room could be gained from this
side, it would certainly be interesting. We hope to come
back to all these important problems in future work.
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Appendix: Solution 15
The 4 structure constants of solution 15 are given by
f235 = −0.60208 , f325 = −0.058853 , (A.1)
f461 = −0.10206 , f641 = −0.015345 ,
giving two copies of the solvable algebra g−13.4. We focus
here on one. We rewrite it as
de2 =
N2r
2
r3r5
e3∧e5 , de3 = N3r
3
r2r5
e2∧e5 , de5 = 0 , (A.2)
with real positive numbers N2,3 > 0. Globally defined
one-forms can be written as in (6) where one replaces the
rotation matrix (7) by the following “weighted hyperbolic
rotation matrix” cosh(√N2N3y5) −
(
N3
N2
) 1
2
sinh(
√
N2N3y
5)
−
(
N2
N3
) 1
2
sinh(
√
N2N3y
5) cosh(
√
N2N3y
5)

This gives the normalisation e2∧e3 = r2r3dy2∧dy3 [41].
The above matrix evaluated at −2pi provides again the
lattice quantization conditions, by requiring the entries
to be integers. We obtain [17]
cosh(
√
N2N32pi) = n1, n
2
1−n2n3 = 1,
N3
N2
=
n3
n2
, (A.3)
for n1,2,3 ∈ N∗. Note that n2 = n3 is not a solution to
these conditions, hence the need of the “weight” in the
hyperbolic rotation.
The harmonic 3-forms with constant coefficients in
{ea} basis are formally the same as (9) and (10), up to
the relabeling 1 ↔ 4, 2 ↔ 3, and setting g56 = 0; this is
how we define ω1,2 here below. This can be understood
by looking at the algebras and the metrics. Similarly, the
harmonic 1-forms are now e1, e5. We then obtain for this
solution the following Hodge decomposition of the fluxes
H = d
(
b24 e
2 ∧ e4) , F1 = F1 5 e5 , (A.4)
F3 = F3ω1 ω1 + F3ω2 ω2
+ g−1s ∗6 d
(
a12 e
1 ∧ e2 + a34 e3 ∧ e4 + a56 e5 ∧ e6
)
,
where
b24 = 0.0018085 , gsF1 5 = 0.13944 , (A.5)
gsF3ω1 = 0.0014004 , gsF3ω2 = 0.00013677 ,
a12 = 1.0117 , a34 = 0.048104 , a56 = −0.15985 .
This gives again only three flux components to quantize.
For completeness, we finally give the source contributions
gsT
1
10 = 10, gsT
2
10 = 0.49663, gsT
3
10 = −0.10585 . (A.6)
We now test this solution as done above for solution
14. Without imposing the lattice conditions we obtain a
first solution to the other requirements (1)
No lattice condition: (A.7)
r1 = 108.00 , r2 = 47.861 , r3 = 21.302 , r4 = 12.912 ,
r5 = 25.270 , r6 = 10.826 , λ = 2372.7 , gs = 0.0014851 ,
N1 5 = 1 , N3ω1 = 6 , N3ω2 = 1 ,
N1s = 15 , N
2
s = 14 , N
3
s = −3 ,
N2 = 0.0028540 , N3 = 0.0014083 ,
N4 = 0.0038956 , N6 = 0.00083305 .
We find other solutions down to N1s = N
2
s = 1. On
the contrary, imposing the lattice quantization conditions
8is more difficult. Imposing no bound on the number of
sources N1,2s , we can satisfy the other constraints if we
trade the integer conditions for numbers greater than 1.
We then get a solution with N1s ≈ 755.40, N2s ≈ 1746.1,
which remains too high. Finally, imposing only the lat-
tice conditions, the bound on N Is and the flux quantiza-
tion, to test the string regime on gs and r
a, we could not
find any solution. These results are worse than for solu-
tion 14. The de Sitter supergravity solution 15 cannot
be made a classical string background.
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